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Japanese Patent Office 
Japanese Laid-Open Patent 

Japanese Patent Laid-Open No. Sho 57-83899 

Title of the Invention: 

Trouble Search System in Optical Fiber Transmission Line 

Fig. 1 shows a preferred embodiment of the present 
invention, wherein a marine optical digital terminal 
station 11 at a transmission side is connected to a marine 
optical digital terminal station 15 at a receiver side 
through an optical transmission line composed of an optical 
fiber transmission line 12, cable connection boxes 13a, 13b 
and a marine optical relay device 14. Each of the terminal 
stations 11, 15 is provided with an optical digital 
transmitter 16 and an optical digital receiver 17, 
respectively. Further, each of the marine digital terminal 
station 11, cable connecting boxes 13a, 13b and marine 
optical relay device 14 at a transmission side is provided 
with a trouble search current oscillators 1 1# 1 2 , 1 3 , I4 
having natural frequencies f lf f 2 , f 3 , f4, and optical 
couplers 2 X . 2 2 , 2 3 , 2 4 with optical wavelengths A 1# A 2 , 
respectively. Each of the connecting boxes 13a, 13b, relay 
device 14 and terminal station 15 is provided with optical 
dividers 3 2 , 3 3 , 3 4 , 3 5 having both optical wavelengths and 



optical sensors 4 2 , 4 3 , 4 4 , 4 5 using PIN diodes or the like. 
The terminal station 11 , connecting boxes 13a, 13b, and 
relay device 14 are provided with amplifiers 5 2 , 5 3/ 5 4/ 5 5 . 
There is provided optical modulators 6 X , 6 2 , 6 3 , 6 4 using 
LED and the like. The terminal station 15 is provided with 
a trouble search current level measuring unit 18, and the 
relay device 14 is provided with a digital reproducing 
relay 19. 

Then, operation of the present invention will be 
described as follows. Now, it is assumed that the optical 
transmission line is one optical fiber transmission line 
and it is constituted from the terminal station 11 to the 
terminal station 15 in Fig. 1. A trouble search current of 
a frequency f 1 within the marine optical digital terminal 
station 11 is applied to the optical modulator 6i and 
converted into light of wavelength A 2 . After light of this 
wavelength A 2 and light of wavelength A ± carrying digital 
information of main signal outputted from the transmitter 
16 are coupled by the coupler 2 1# it is transmitted to the 
optical transmitting linfe 12. Light of wavelengths ( A x and 
A 2 ) that reached the cable connecting box 13a is divided by 
the optical divider 3 2 into light of wavelength A x and 
light of wavelength A 2 . The light of wavelength A x carrying 
digital information of the main signal is directly 
transmitted to the optical coupler 2 2 . In turn, the light 
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of wavelength A 2 carrying a trouble search current fi is 
converted into an electrical signal by a photo-electrical 
converter 4 2 and further amplified up to a predetermined 
output level by the amplifier 5 2 . Then, a signal of 
frequency f 2 from the trouble search current oscillator 1 2 
assigned to the cable connecting box 13a and a signal of f x 
are applied to the optical modulator 6 2 and further 
converted into light of wavelength A 2 including information 
about the trouble search currents of fi and f 2 . 
After light of Ax described above and light of A 2 including 
information of (f 1 and f 2 ) are coupled by the optical 
coupler 2 2 , it is transmitted to the cable connecting box 
13b. Light reached that the cable connecting box 13b is 
divided into pieces of light of wavelengths A x , A 2 by the 
optical divider 3 3 . Light of A 1 is directly transmitted to 
the optical coupler 2 3 . In turn, light of A 2 performs the 
same operation as that of the connecting box 13a. However, 
light of wavelength A 2 includes the trouble search current 
information of f 1# f 2 , f 3 . After the aforesaid pieces of 
light with A lf A 2 are coupled by the optical coupler 2 3 , 
they are transmitted to the optical transmission line 12. 
The aforesaid pieces of light with wavelengths A 1# A 2 that 
reached the marine optical relay device 14 are divided into 
light with wavelengths A 1# A 2 by the optical divider 3 4 . 
Light with a wavelength A x is applied to the digital 



reproducing relay 19, predetermined operation is carried 
out there, and then it is outputted again with light of 
wavelength A L and transmitted to the optical coupler 2 4 . In 
turn, divided light with wavelength A 2 is applied to the 
optical modulator 6 4 through the photo-electrical converter 

4 4 and the amplifier 5 4 . Concurrently, current of f 4 at the 
trouble search oscillator 1 4 is applied to the optical 
modulator 6 4 . Trouble search current information of f x , f 2 , 
f3, f 4 is converted into carried light of wavelength A 2 by 
the optical modulator 6 4 . After the light of A 2 and the 
aforesaid light of A 1 are coupled by the optical coupler 2 4 , 
it is transmitted to the optical transmission line 12. 

Light with wavelengths A 1# A 2 that reached the 
terminal station 15 is divided by the optical divider 3 5 , 
light of A ! is applied to the digital receiver 17 and a 
predetermined processing is carried out for it. In turn, 
light of A 2 passes through the photo- electrical converter 

4 5 and amplifier 5 5 and is applied to the trouble search 
current level measuring unit 18 . 

This measuring unit 18 detects and determines 
whether or not the trouble search currents from the cable 
connecting boxes 13a, 13b and from the marine optical relay 
device 14 reach normally to the measuring unit 18. For 
example, in the case that after the marine optical cable 
installed with one core optical fiber is set in the actual 



marine environment, a breakage of the optical fiber due to 
a certain cause is generated between the cable connecting 
boxes 13a , 13b, the trouble search current level measuring 
unit 18 at the marine optical receiving terminal station 15 
receives the trouble search currents of f 3 , f4 running from 
the cable connecting box 13b to the marine optical digital 
receiving terminal station 15, but it does not receive the 
trouble search currents of f i# f 2 . With such an operation 
as above, it is possible to detect the breakage of the 
optical fiber that occurred at the transmission terminal 
station 11 distant from the cable connecting box 13b. 

The preferred embodiment of the present invention 
described above relates to the case of the marine optical 
cable including a single optical fiber and an electrical 
supplying line. However, the quite same technology can 
also be applied to the case for the marine optical cable 
including the optical fiber having a plurality of cores and 
the electrical supplying line. That is, it can be realized 
by incorporating in the cable connecting box and the marine 
optical relay device the trouble search current source (of 
fn# fi2, fi3 ... fik) in correspondence with the optical 
fibers having a plurality of core lines (the number of K) . 
In addition, the number of connecting boxes and the number 
of relay devices are not limited to those of the aforesaid 
example . 



6 



As described above, in accordance with the present 
invention, the trouble search current oscillators 
corresponding to the number of optical fiber core lines 
stored in the marine optical cable are incorporated in the 
marine optical cable connecting boxes and the marine 
optical relay device, wherein, separately from the optical 
wavelength (A^ of the main signal carried along the marine 
optical transmission line, the optical wavelength (A 2 ) 
carrying only information of the trouble search current is 
subjected to the wavelength divided multi- transmission, 
whereby it becomes possible to perform a precise 
measurement of troubled location of broken optical fiber. 
Further the present invention can substantially contribute 
to minimum setting of time required for repairing of 
trouble, minimum setting of replacement segment in the 
troubled cable, improvement in economy of the repairing 
technique, and maintenance for the marine optical cable 
transmission line. That is, although intervals of the 
relay devices become long in the optical fiber transmission 
line, each of the trouble search current source is arranged 
in each of a plurality of fiber connecting boxes present in 
one space of the relay device to cause the trouble position 
to be easily detected. 



